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Anna M. Planas, PhD; Richard J. Traystman, PhD
Translation from bench to bedside is a tremendous chal-lenge for stroke researchers. Effective neuroprotection
from ischemia in humans is elusive despite a number of
encouraging results in the laboratory. However, the lessons
obtained so far might pave the way to better research
strategies and more fruitful translational results. Rapid reper-
fusion within ischemic brain is essential to prevent further
neuronal cell death. What else can be done to minimize brain
damage once blood flow is re-established? Various interven-
tions and drugs can prevent further cell death after reperfu-
sion in animals. However, the challenge remains to be
beneficial in humans. Adequate selection of patients is critical
and there have been advances in identification of biomarkers,
including gene expression signatures1 that may assist to
identify stroke subtypes in patients. Several ongoing stroke
clinical trials (www.strokecenter.org/) are the results of trans-
lation to the clinics of experimental findings. Hypothermia
has provided strong preclinical evidence and several clinical
trials are ongoing worldwide (Controlled Hypothermia in
Large Infarction [CHILI], CHIL, COAST-II, HAIS-SE, and
Mild Hypothermia in Acute Ischemic Stroke trial). Clinical
trials are also assessing molecules that may decrease hemor-
rhagic complications and toxicity of recombinant tissue
plasminogen activator (Desmoteplase in Acute Ischemic
Stroke Trial [DIAS]-3, DIAS-4, TNKilas) and experimental
research is ongoing on this subject.2 Other clinical trials are
focused on therapies that have shown benefits in animals such
as albumin (Alias-2), citicoline (ICTUS), or oxygen (SO2S).
Combination therapies of tissue plasminogen activator and
antioxidants (edaravone–citicoline; deferoxamine; uric acid)
are based on beneficial effects obtained in preclinical studies
with antioxidants in reperfused animals. However, reperfu-
sion injury is not always apparent and treatments targeting
reperfusion injury are not beneficial to all reperfused ani-
mals.3 Therefore, identification of patients with early signs of
reperfusion injury by noninvasive imaging and biomarkers
may be crucial to bring these treatments into successful
randomized controlled clinical trials.
Improvements in animal studies have been made by study-
ing aged individuals4,5 and animals with stroke risk factors or
genetic predisposition to hypertension, diabetes, hyperlipid-
emia, obesity,6 atherosclerosis, inflammation and infection.7
Also, increasing awareness is given to the effects of gender
and sex hormones on the risk and outcome of stroke.8,9
Progress has been made on the concept that not only must
neurons be protected, but also the functionality of the neuro-
vascular unit must be preserved.10 The prominent function of
matrix metalloproteinases in acute brain injury and the
activator effects that tissue plasminogen activator can exert
on matrix metalloproteinases is now recognized. Further-
more, activated matrix metalloproteinase-9 appears to be a
good biomarker that correlates with imaging markers of
blood–brain barrier disruption.11 Ongoing stroke clinical
trials with statins (NeuSTART II, Neu START, and STARS07)
are in part based on the concept of vascular protection and
matrix metalloproteinase inhibition.
Advances in understanding communication between the
brain and periphery are also relevant to stroke research. It is
believed that stroke triggers immunodepression that renders
ischemic animals and patients with stroke more prone to
infection. Infection or strong inflammatory processes before
ischemia exacerbate brain damage in animals,7 and several
drugs that attenuate inflammation12 appear promising in
preclinical studies. The ongoing clinical trial with minocy-
cline (Minocycline to Improve Neurologic Outcome in Stroke
[MINOS]) is mainly based on the anti-inflammatory effects
that this drug has shown in experimental animal models of
stroke. Targeting certain proinflammatory molecules and
innate immune receptors such as interleukin-1b, CCL5,7
HMGB1,13 CD36,14 lipid mediators, complement activation
pathways,15 and factors involved in the coagulation cascade16
are undergoing intense preclinical and clinical research. The
role that alterations in the microcirculation play in brain
damage need to be better explored. How inflammatory
mediators released by brain cells, endothelium, leukocytes,
and platelets17 create procoagulant events in the microvascu-
lature, after recanalization of large vessel occlusion, is under
investigation. The classical view that infiltrating leukocytes
are deleterious is challenged by identification of anti-
inflammatory subtypes of monocytes in patients with stroke,
benefits of regulatory T-cells in ischemic animals, and by
evidence suggesting that leukocyte infiltration is essential to
modify potentially destructive local inflammation after brain
damage.18 The leukocyte responses to brain ischemia are
dynamic and have a specific time course involving phases of
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initiation, phagocytosis, and resolution of inflammation that
paves the way for regenerative processes. Although we must
increase our understanding of the molecular determinants of
these steps, the growing view is that inflammation will have
to be modulated but not fully suppressed.
Experimental findings support functional recovery after
stroke through plasticity phenomena, which can be promoted
with drugs, interventions inducing brain stimulation (eg, en-
riched environment), and stem cells, even in aged rats that still
have regenerative capacity.4 There is an increasing awareness
about the possible relevance of endogenous circulating stem
cells in patients with stroke19,20 and stronger evidence to support
the idea that neurogenesis is activated after stroke in the human
brain.21,22 Animal studies show that subventricular zone-derived
neural progenitor cells migrate along blood vessels toward
ischemic injury sites,23 but we are far from knowing whether
these cells become new neurons integrating into the network.
The available evidence supports the idea that stem cells favor
recovery by promoting an environment that facilitates axonal
regeneration, neurite outgrowth, functional reorganization, and
neurogenesis. Results from the first studies in humans support
beneficial effects of stem cell transplantation,24 and the need for
large trials has been advised after a recent meta-analysis of
current data available in patients with stroke.25 Several cell
therapies are now being used in ongoing stroke trials (eg,
Autologous Cell Therapy, SIVMAS, STEMS2) and are impor-
tant to determine whether the experimental findings will be
translatable to humans.26 Finally, additional studies are needed
to evaluate whether interventions such as electric, electromag-
netic, optical, or other forms of brain stimulation might be
beneficial after stroke. It is likely that the results of ongoing
stroke trials focusing on recovery (eg, Intravenous Thrombolysis
Plus Hypothermia for Acute Treatment of Ischemic Stroke
[ICTUS], ImpACT-24, MACSI, MAG111539, Motor Imagery
for Gait Rehabilitation, Transcranial Direct Current Stimulation,
TRAGAT, Virtual Reality Training Program) will bring some
light to this issue in the near future.
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对于卒中研究者来说，从实验研究向临床应用
的转化是一项巨大的挑战。尽管脑缺血的神经保护
实验研究结果令人充满希望，但其在临床病人中的
应用效果仍不肯定。然而，从中获得的经验和教训
仍可以为建立更好的研究策略及成果转化铺平道路。
脑缺血后的及时再灌注对于避免进一步神经元细胞
的死亡非常重要。那么，血流再次建立后如何才能
最小化脑损伤？动物研究显示不同的干预及药物治
疗可以减少再灌注时的细胞进一步损伤，但是这在
病人中的应用仍然是一项挑战。纳入足够多的患者
尤为重要，相关生物学标记包括基因表达特征 [1]的
识别能有助于进一步确认患者的卒中亚型。数项正
在进行的临床卒中研究 (www.strokecenter.org/)即是
将实验研究发现转化应用于临床。低温治疗获得了
很强的亚临床证据，目前国际上有数项临床研究 (大
面积梗塞低温治疗 [Controlled Hypothermia in Large 
Infarction, CHILI]，CHIL，COAST-II，HAIS-SE，
及急性缺血性卒中的轻度低温治疗研究 )正在进行。
也有临床研究正在评估可以减少出血并发症及重组
组织纤溶酶原激活剂的毒性作用 (去氨普酶在急性
缺血性卒中的研究 [Desmoteplase in Acute Ischemic 
Stroke Trial, DIAS]-3, DIAS-4, TNKilas)的相关分子
的实验室研究也正在进行 [2]。另外有一些研究致力
于在临床上运用已在动物上获得疗效的药物如白蛋
白 (Alias-2)、胞磷胆碱 (ICTUS)及氧气 (SO2S)。基
于临床前研究中得出的抗氧化药物对缺血实验动物
的再灌注获益，提出了组织纤溶酶原激活剂和抗氧
化药物的联合治疗 (依达拉奉—胞磷胆碱、去铁胺、
尿酸 )。然而，再灌注损伤并不总是很明显，且再灌
注损伤的治疗也没有使所有再灌注动物获益 [3]。所
以，通过非创伤性影像学检查及生物学标记识别存
在再灌注损伤早期征象的患者，可能是使随机对照
临床研究获得成功的关键。
动物研究中的进展是通过运用于老年个体 [4,5]及
具有卒中危险因素，如：高血压、糖尿病、高血脂、
肥胖 [6]、动脉粥样硬化、炎症反应及感染或其易感
基因的动物模型。同时，性别及性激素对于卒中风
险及其预后的影响也得到了越来越多的重视 [8,9]。
在实验观念方面的进步在于认识到不仅神经元
需要保护，神经血管单元的功能也需要保护 [10]。基
质金属蛋白酶在急性脑损伤中的突出功能得到明确，
且目前研究发现组织纤溶酶原激活剂的可活化基质
金属蛋白酶。此外，活化了的基质金属蛋白酶 -9与
血脑屏障破坏的影像学表现相关性高，是一个很好
的生物学标记 [11]。目前进行的他汀类药物临床研究 
(NeuSTART II, Neu START, and STARS07)也是部分
基于血管保护及基质金属蛋白酶抑制的理论基础。
中枢神经系统与外周间的交流方面的研究进展
也与卒中研究相关。研究表明卒中诱发了缺血性卒
中动物及患者的免疫抑制，使其更易发生感染。动
物研究显示，脑缺血前的感染或强炎性反应过程可
加重脑组织的损伤 [7]，而一些可以减轻炎性反应的
药物 [12]在临床前期的研究中充满希望。正在进行
的米诺环素的临床研究 (米诺环素改善卒中预后的
研 究，Minocycline to Improve Neurologic Outcome 
in Stroke[MINOS])是基于卒中动物研究中发现其具
有抗炎的效果。以白介素 1b、CCL5[7]、HMGB1[13]、
CD36[14]、脂质介质、补体活化通路 [15]、凝血级联相
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关因子 [16]等某些促炎性分子和固有免疫受体为靶目
标的大量临床前及临床研究都正在进行中。微循环
的调节对脑损伤的作用也值得进一步的研究。在大
血管闭塞再通后，脑细胞、血管内皮细胞、白细胞
及血小板 [17]释放的炎性介质是如何产生微血管内促
凝血事件，这一问题也正在研究。经典的观点认为
浸润性白细胞是有害的，但这个观点正在受到挑战，
尤其是证实了卒中患者存在抗炎性单核细胞亚群、
缺血性动物可因调节性 T细胞而获益以及白细胞浸
润对于脑损伤后修复局部炎症的破坏是必不可少 [18]
的研究结果。脑缺血后白细胞的反应是动态的，具
有特定的时间过程包括启动期、吞噬期、炎症消灭期，
并为再生过程奠定基础。尽管我们必须加强对上述
过程中关键分子的认识，但越来越多的研究认为炎
症需要被调节而不能完全被抑制。
实验室研究还发现卒中后通过可塑性完成功能恢
复，可塑性可以由药物、干预引起的脑刺激 (如丰富
环境 )和干细胞激发，即使是在老年大鼠中仍发现了
再生的能力 [4]。这种现象在越来越多的研究中发现
与卒中后内源性循环的干细胞作用相关 [19,20]，更有证
据提示卒中可诱发人脑的神经再生 [21,22]。动物研究发
现脑室下区来源的神经前体细胞可沿血管移行至缺
血损伤处 [23]，但我们尚不了解这些细胞是否转变为
神经元并参与神经网络。目前已有证据支持干细胞
通过建立适合轴突再生、神经突起生长、功能重建
和神经再生的环境，促进功能恢复。在人类开展的
首个干细胞移植研究结果 [24]提示获益，最近的荟萃
分析在统计了卒中病人现有研究数据后，建议进行
更大型的临床研究 [25]。数项细胞学治疗的临床研究
正在进行 (如自体细胞治疗，SIVMAS，STEMS2)，
其结果对于能否将实验研究发现转化应用于人类至
关重要 [26]。最后，还需要进行一些研究以明确电刺激、
电磁刺激、视觉刺激及其他方式的脑刺激等干预是
否对卒中后恢复有益。这些正在进行的关注康复的
卒中临床研究 (如：静脉溶栓联合低温治疗急性缺
血性卒中 [Intravenous Thrombolysis Plus Hypothermia 
for Acute Treatment of Ischemic Stroke[ICTUS]，Im-
pACT-24，MACSI，MAG111539，运动想象法步态康
复，经颅直流电刺激，TRAGAT，虚拟体验训练项目 )
会为未来的卒中治疗提供更多的新希望。
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